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Appendix A

Supporting Calculations
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Appendix A, GAC Supporting Calculations

Contents

I. Data
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VII.  Site Worker Protection

VIII. System Safety

I. Data. The data below are used in the Estimates

Displacement rate during fill from the V-Tanks to the consolidation tanks:

gal ft3
Fq:=50=— =F =6.68—
d min Qd d R min
This page intentionally left blank

Pressures and Temperatures

P:=—atm T, :=29&K

Gas Constants

R,-273.1&K
L-atm g L

R :=0.082 = =22399—

& mol- K Rstar latm Rstar mol

1

R, = 1.987—— Ibmol := 454mol

& mol-K
Volumes/Masses/Densitics
Viks = 1200Gzal This is the V-Tank total volume (sludge + liquid)
Vgas = 2:8000kal — Vg Vgas = 4000gal This is the volume of gas in the

space above liquid in all tanks
combined
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Vgas
V. =
g 2

Molecular Weights/Henry's Constants/Solid-Liquid Distribution

gm
MW . :=29—
air mol

gm
MW =131.4—
TCE mol

L-atm

H, =1.382
dcb mol

L-atm

H :=16.95
TCA mol

1
Haroclor1260=
3.9

L-atm

mol
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This is the volume of liquid (Viks - Vsludge)

This is the liquid volume split into 2 tanks

This is the total volume split into 2 tanks

Sludge Mass per tank

Total Sludge

GAC density

gm
MW =147—
dcb mol

= 20082
MW g = 200

mol

L-atm

H =16.95
PCE mol

L-atm

H =10
TCE mol

—1
Haroclor1260= 2-56x 10 L

kg

L

gm
MW n:=32=—
02 mol

gm
MW = 18=—
H20 mol

gm
MW = 166—=—
PCE mol

gm
MW =133.5~—
TCA mol
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- gm
MW proclort 260:= (1212+ 5+ 5:35. 9=

L-atm

Hyy, :=10.75
Hg mol

Determine the solid - liquid equilibrium constant (Hemond et al 1993)

kp = Koo foe

(From Hemond et al 1993)

log(KOC) = 0.544log(KOW) + 1.37 log(KOW) =27 Approximate average for
PCE, TCA, and TCE, wide
variety
K, 1(0-544-2.5+1377) mL K., = 5.46x A
gm kg
Determine the f, from the TOC:
5 mg . . .
TOC:=1.1810" == fo = TOC Note, this has varied somewhat with
kg different revs. The current TOC is 1.07
but the change is not that great so it is
foo = 1.18x 107 1 left at the conservative value, 1.18.
. 1 L
kp =Kot kpy = 6.44x 10 o
For mercury:
k = 52m—L (http://risk.Isd.ornl.gov/cgi-bin/tox/TOX_select?select=nrad)
D Hg om —

For PCB (using Aroclor 1260)

6.5 L
KOW_AIoclorl260 =10 @ (From Hemond et al 1993)
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Kow Aroclor1260
1.00-log| : — -0.21
K =10 UnitsOf (KowiAroclorIZGO) L
oc Ar = k_g

2 L
kD_AI:2'3>< 10

kp Ar=Koc Arfoc k_g

Consolidation Tank
2m
D:. . :=49%n N, . = 68—
mp act min
ft3
Qy =300— V-Tank ventilation
min
T 2

Dtk = 10ﬁ Atk = ZDtk
Q _

V= — vy =259x 10 3m
Atk S
PMW

air kg
Pyi=— p,=101—

g . g
Rg Tg m3

Derived Units/Miscellaneous
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3 L
Koc_Ar =1.95x 10

kg
ft3
Qg =40— (Sparge)
min
ft3
=2— In-Leakage
A min ( &)

(Ashworth 2004b)

- . . _ f _
Ci=3710"%"" Curic definition nCi=10"°c ppm,, = 22 1576
atm
At := 10hr fafety = 1 o0, = 10°h infimity practical definition

Mass Transfer Correlations

by :=0.026W 04 7s™ 02

by :=0.002W 07! 95708

(Perry et al 1984)
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The liquid phase mass transfer coefficients are (Perry & Green 1984):

0.4
Py 0.5 .
ki a1=by v | Ve ' For pure water/air
tk
0.7
Py 0.2 . .
ky .5 = b2:| —= Vo For ionic solutions/air
La2 Ve g
{]

The Pg is the power reduced as a result of the air around the impeller. It is a function of the
impeller diameter and the speed (Treybal 1987).

&

Let E R E=138x 10 °
Nact'Dimp
Conditional Statement for Pg
Py = [Poy aot:(062- 1.8F) if = >0.037 Note, the Py is the "gassed" power
Pow_act~(l ~12.28) otherwise
Py = 3.44hp
0.4
p
b & 03 _ ~3 -1
kLal _bl (\]tkj Vg kLal = 876>< 10 S
0.7
b p| e 0.2 ) 2
La2 =0y — ~Vg kLa2_1-66>< 10 “s
Vik

Although the solid mass transfer is expected to be much higher than kj a, there is still a certain degree
of uncertainty. Therefore, use the worst case kg a of the above 2.
31

K =K g k=876 107" =
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Since this is for air, adjust for TCE related to the diffusivities in water for the two solutes by

(Thibodeaux 1979, Crowl et al 1990):

2

3
Ka_dcb (Ddcb j

kLa_air Dair

1

3
K —k MWair
TLa dcb -~ *La’
- MW 4cb

1
MWair ’
K a PCE=KLa| T
. :
- MWpcg

1

3
K —k MWair
1a Hg -~ "La’
g MWHg

K K MWair
Ta Ar -~ ™La
- MW Aroclor1260

Ddcb _ MWair

98]

Dair MW dcb

31

KLa_deb =5101x 107"~

1
MWair ’
KLa TCA =kg| o
. :
- MW ea

1

MWair ’
KLa TCE =Ko | o
. :
- MW cg
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II. Characterization

To determine the applicable VOCs, data from two characterization reports (Tyson 2003, Tyson
2004) were used. However, these data needed to be filtered. The prescription used was to retain
any component that had a detected concentration. For the V-tanks, this prescription was
applicable for any tank in either phase. This was done at the 95% confidence level with the
detect values used for any of the wastes where at least one detect value was listed (i.e., for the
V-tanks, if one tank had an actual number where one or more of the other tanks had detect
values, the detect values were averaged together with the actual numbers). This was done at the
95% confidence level using the Microsoft Excel function TINV(probability, degrees of
freedom).

Ci(95%) = C; + TINV(¥, df) ¢

For the 2-tailed probability: y =01

The standard error, g, and the degrees of freedom, df, were taken from the characterization reports
(Tyson 2003 and Tyson 2004), where the second report accounts for the miscellaneous effluents
that will be added. In general, the addition of these waste streams have a minor impact on the
original characterization of the V-tanks, except for the additional TCA from ARA-16 that is
approximately 25,000 mg/kg in the sludge. The report discussing these waste streams (Tyson
2004) provides weight-averages for the various detected constituents. Basically, the method
follows:

1. Individual averages, standard errors, and degrees of freedoms were calculated for both

sludge and liquid in all four V-tanks.

Let the sludge phase concentrations of a component in Tank V-1 be represented by
X1, X2, X3, X4, and xs. In this instance, the sludge phase concentration for a component
was represented in terms of an average x, a standard error s., and a degree of freedom
equal to 4.

2. Calculate the weighted average concentrations for both sludge and liquid for the entire V-
tank waste

From Step 1, individual components in each V-tank have an average concentration with a
standard error and a degree of freedom. The weighted average was calculated using the
volumes, densities, and the solids concentration in the sludge. Each of these parameters
has average values with their own standard errors and degrees of freedom. The final
weighted averages for a given component in the entire V-tank is then expressed as an
average value with a calculated standard error and a calculated degree of freedom.
Appendix B of Tyson 2003 shows how to calculate the standard error and degrees of
freedom (propagation of error).
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3. Individual averages, standard errors, and degrees of freedoms were calculated for
both sludge and liquid in all of the other waste steams that are to be added to the V-
tank consolidation and treatment system.

4. Using the averages computed in Steps 2 and 3, calculate the overall composite waste
stream weighted average, standard error, and degree of freedom for both phases.
From these values, the 95% upper confidence limits for both liquid and sludge phase
can be calculated as:

Xos0, = X + 8,1

where t is a normal distribution value based on degrees of freedom and
95% upper limit.

The next filter consisted of finding the dimensionless form of Henry's Law and comparing it
to 0.01 (http://www.cpeo.org/techtree/ttdescript/airstr. htm). If less, then the organic is
considered SVOC and not included. For example, all of the phenols were filtered by this
process as their H's were less than 0.01. The dimensionless form (H') is found by dividing the
L-atm/mol form by RT. Note, this isn't a temperature correction. A temperature correction is
given by Sander (Sander 1999).

B H(L * alm/mol))
R(L*atm/mol/°K)*T(298°K)

The following Table A.1 provides VOC data extracted from the characterization report (Tyson
2003 and 2004) and recent Henry's Law values along with their equilibrium vapor values
(Sander 1999) It is provided as raw data.

Sander used kg which is 1/H where H is the one used in this EDF and H' is the dimensionless

form. The definition for Henry's Law for relating the gas partial pressure of a component to it's
liquid phase concentration is:

L e one pi HG
pl_kH 1= i yl_P_ P
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Table A.1

MW Ci, mg/L Ci, mol/L | ky, mol/L/atm | H, L-atm/mol H pi, atm yi, mol fr | v;, ppm,
Benzene 78.11 0.00E+00 | 0.00E+00 0.15 6.67 0.27 [ 0.00E+00 [ 0.00E+00 0.00
bromomethane 94.94 6.27E-01 6.60E-06 8.50E-02 11.76 048 [7.77E-05[ 913E-05| 91.25
Carbon disulfide 76.14 0.00E+00 | 0.00E+00 0.12 8.33 0.34 | 0.00E+00 [ 0.00E+00 0.00
Chlorobenzene 112.56 0.00E+00 | 0.00E+00 0.55 1.82 0.07 [ 0.00E+00 [ 0.00E+00 0.00
Chloroethene (vinyl chloride) 62.50 1.04E+00 1.66E-05 0.30 3.33 014 [554E-05| 6.51E-05| 65.12
chloromethane 50.49 1.07E-01 2.11E-06 0.23 4.35 0.18 [ 9.19E-06 [ 1.08E-05 10.80
1,2-dichlorobenzene 147.00 3.38E+00 2.30E-05 0.17 5.88 024 [1.35E-04 [ 1.59E-04] 158.80
1,3-dichlorobenzene 147.00 3.44E+00 2.34E-05 0.13 7.69 0.31 1.80E-04 | 2.12E-04 | 211.58
1,4-dichlorobenzene 147.00 3.44E+00 2.34E-05 0.4 2.50 010 [ 5.85E-05| 6.88E-05| 68.77
1,1-dichloroethane 98.96 3.32E-01 3.35E-06 0.059 16.95 069 |[568E-05| 6.68E-05| 66.76
cis-1,2-Dichloroethene 96.94 4.84E-03 4.99E-08 0.059 16.95 0.69 [ 8.47E-07 [ 9.95E-07 0.99
trans-1,2-dichloroethylene 96.94 5.76E-01 5.94E-06 0.46 2.17 0.09 [ 1.29E-05 [ 1.52E-05 15.19
1,1-Dichloroethene 96.94 1.74E-02 1.79€E-07 0.1 10.00 0.41 1.79E-06 | 2.10E-06 2.10
Ethylbenzene 106.17 0.00E+00 | 0.00E+00 0.04 25.00 1.02 | 0.00E+00 | 0.00E+00 0.00
methylene chloride 84.93 1.15E+00 1.35E-05 0.36 2.78 0.11 3.76E-05 [ 442E-05| 44.19
4-Methyl-2-pentanone 100.16 0.00E+00 0.00E+00 2.20 0.45 0.02 0.00E+00 | 0.00E+00 0.00
Tetrachloroethylene (PCE) 165.83 1.37E+00 8.25E-06 0.06 16.95 069 [ 1.40E-04 [ 1.64E-04 ] 164.38
Styrene 104.15 0.00E+00 | 0.00E+00 0.37 2.70 0.11 | 0.00E+00 [ 0.00E+00 0.00
1,1,2,2-Tetrachloroethane 167.85 0.00E+00 | 0.00E+00 2.40 0.42 0.02 | 0.00E+00 [ 0.00E+00 0.00
Toluene 92.14 5.29E-03 5.74E-08 0.16 6.25 0.26 [ 3.59E-07 | 4.22E-07 0.42
1,2,4-Trichlorobenzene 181.45 3.43E+00 1.89E-05 0.46 2.17 0.09 |[4.11E-05| 4.83E-05| 48.31
1,1,2-Trichloroethane 133.40 2.08E-02 1.56E-07 1.10 0.91 0.04 [ 1.42E-07 [ 1.66E-07 0.17
1,1,1-Trichloroethane (TCA) 133.40 3.59E+00 2.69E-05 0.06 16.95 0.69 [ 4.56E-04 [ 5.36E-04 | 535.79
Trichloroethylene (TCE) 131.39 8.22E+00 6.26E-05 0.10 10.00 0.41 6.26E-04 | 7.35E-04 | 735.42
xylene 106.17 0.00E+00 | 0.00E+00 0.13 7.69 0.31 [ 0.00E+00 [ 0.00E+00 0.00
Hg 200 5.47E-02 2.73E-07 0.09 10.75 0.44 | 2.94E-06 | 3.46E-06 3.46
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III. Consolidation

II1.1 Equilibrium of Weighted Average Tank Contents

Need the composition of the vapors using vapor-liquid-equilibria via Henry's Law. For
Henry's Law to be valid, the water mole fraction needs to be near one. This isn't strictly
true in this case but the results are believed to be conservative. Also, it is assumed that
the equilibria is water-gas and the other phases (e.g., TCE-sludge) do not contribute.
This is a typical assumption, i.¢., using the top or continuous phase for emission
properties (http://www.epa.gov/ttn/chief/fag/tanksfaq.html). These are simply the values
in Table A.1 for the composite, weighted-average V-Tank VOCs and Hg.

I11.2 Transient and Steady-State VOC Concentrations During Consolidation

111.2.1 Problem Statement
111.2.2 Derivation of Model
1I1.2.3 Data

II1.2.3.a V4 Worse Case

II1.2.3.b Vg Worse Case

1I1.2.3.¢c  Consolidation Tanks

111.2.4 Results

II1.2.4.a Vx Results

II1.2.4.b V9 Results

111.2.4.c Consolidation Tank Results

I11.2.1  Problem Statement

Determine vapor phase concentrations of PCE, TCA, TCE, and Hg with no mitigation
during V-Tank Consolidation. The figure below (Figure A.1) shows the configuration.
Initially, the V-Tank vapor is at equilibrium at t = 0. This is soon diluted by the
incoming air and reduced to near zero. The wand at the left indicates energy input that
will impact the mass transfer coefficient. The consolidation tank is assumed to be
always at equilibrium while filling, the highest concentration possible in the vapor
phase. Figure A.2 shows cross sections for velocity determination used for mass
transfer purposes. These calculations are used for the consolidation design flowsheet.
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To Gas
» | { )tl System

y Vapor Initially at Equilibrium

Vapor at Equilibrium H
During Fill J%L
In-Leakage

Figure A.2

Flow through
segment, v =
Q/A segment

Flow through
segment, v=
Q/A segment

II1.2.2 Derivation of Model

2 differentials to solve
&l at H

v (d_ ng _k. A( ¢ - P ) - ¢, Balance on the vapor space

d _ P Balance on the liquid space (as explained in
A5 (EtCLj - _K'A(CL - Hj Appendix B)
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Solve the 2nd to put into the first assuming p/H is zero (worse case)

_K.A.t
CL: CLo'e L
Resulting in:

_K.A.t
Qe v Qe o N
dt Vg Vg

Solving via an integrating factor:

[ o

| th [Q j

J g I=exp —-t

V.
I=¢ &
Multiply both sides by I
[Vg t] {v&'t] K-A-C _\IjA ! [Vg t]

et 8 ~d—C +2~C e = Lo~e L eb 8

d— Cg~e v e e
dt g
\Y | K-A-C V, Vv
C . .e g = O~e L c g dt
g \Y%
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Q 1 A Q Cro
Cg~exp —t|= —————exp K—t+ —t | K- A-—— + const
¢ ) xS LoV Ve
VI Vg
C
1 A L
C = L Vg N const
& Q Q
exp V—~t exp V—~t
8 8
Vi
L A t
Cg =—— KA G exp -K—t |+ oo
KAV, +QV, Vi Q
& exp V—~t
8
att=0,Cg=Cgq
VL
const =C, , — —— K-A-C
8 KAV, +QV Lo
8
A
V [_ K._. t] V ) [&. t]
L V] L V,
Cpm KAy Ly Cgo ~ ————KAC, e * 8
—K~A~Vg +QVp _K.A.Vg +QV
simplify equation by
V; A Q
L B=-K— y= ——
K-A-C

o0=—
KAV, + QV,

C, = 0c~eB't + (C —(x)fzv't

g0

The mass transfer coefficient, K, is a function of velocity, T, and energy from the hosing and
jostling, etc (fgafery)- This is not casily correlated so a safety factor is used.
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K= 1{v, T, fgaety )

To find the velocity, it is the Q/A of the segment shown below for V-1, -2, and -3.

For oxygen, a tank test coefficient with wave action (an analagous situation) coefficient
is given by Thibodeaux 1979 vs. wind speed. The coefficient is based on the figure

below (Figure A.3):

Figure A.3

KL for O2 with Wave Action

KL, cm/hr

Wind Speed, m/s

It has an assymtope at 4 cm/s and will apply for all cases since the velocity is so low. For
various situations, the K needs adjustment for different molecules and as a function of

temperature.

Boundary layer theory suggests the following relation between K and diffusivity (Thibodeaux 1979):

2

D,
Ky=Kp| —=
2= K| o

According to Graham's Law of diffusuion:
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D, (Mw) Mw )
—=| — Leading to: Ky =Ky | ——
D; | MW, MW)
1
3
MW
cm 02
Koo: 4hr i 02( MW, j

According to BSL (Bird et al 1960 ) diffusion and hence K is 1st order in
temperature and viscosity. However, the viscosity of liquid is exponential in
temperature so use a viscosity ratio for V-9.

AG,,
2 —_—
( 6) Nayh gy
p=|- . .e
a Vm
Ty = 29%K

Assuming all of the other items stay constant:

AGy 1
Hp o RATE T

—=¢c

H2
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The AG/R has been found by experiment (Bird et al) to be 3.8 x boiling temperature. The entire

correction from oxygen to i and using a correction and safety factor is:

1
— 1 1
3 38T, | ——
T {Mwozj T T
. .e



431.02 ENGINEERING DESIGN FILE EDF-4956
01/30/2003 Revision 1

Rev. 11 Page 66 of 132

I11.2.3 Data

II1.2.3a V4 Worse Case

The air in-leakage flow to the Vx tanks should be no greater than the V9:

3
Qu9:= 191ﬁ—_ From EXCEL vaccum balance and all standard
min
Qax = Qq
2 r—H / Since there are velocity and area
Aseg =T 'acos[ R ) — (= H)y2rH - i effects, use the mid point for V,
simplifying the area to nD2/8
T 2 1,2
Dyy:= 10 Aexi= 5 Dvx Agy=3.93x 10 ft
Q o ft _ As this is less than 3 m/s, th
Vi v=811x 10 2= v=247x 10 22 s this is less than 3 m/s, the
A S S assymtope is used and K is same for
CcX .
both tanks except for T correction.
L= 197
Volumes
1= 2 3
Vixi= 37 Py Ty Vi = 5.79% 10 gal Vo= Vi

Need a reasonable time to remove a V tank, say 24 hr:
Ty = 24hr
The mass transfer area is based on the plan view:

2
Aj= 100-19.9¢ A= 195x 101t
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V-Tank Liquid Compositions @95%UCL, mg/L
Constituent V-1 V-2 V-3 V-9
PCE 2.11E-01 4 18E-02 4 .16E-02 7.29E+01
TCA 4.18E-02 4 18E-02 4 .16E-02 1.80E+02
TCE 2.41E-01 4 52E-01 3.00E-01 6.36E+02
Hg 4.02E-01 4 18E-03 4 16E-03 0.563

mg

CLOPCEX:: 0.211 L

- mg
Cpggy 1= 0402

PpcEx=H

CLOTCAX =.0418 L

PPCEXMW TCR

C =
goPCEx R

N

C ) CgoPCEX
oPCEx ppm'™
g _Ppp MWP CE

tar

- CLoTCAX
Prcax=HrcaA———
MW ca
c _ PreaxMWrep
oTCAx -~
g Rg' TX
CooTCAX

C -
oTCAX ppm Rstar
g _Ppp MW TCA

6

-10

6

-10

me

CLOTCEX:: O452T

mg

-5
PpCEx=2-15x 10 ™ atm

CoopCx=1-16x 10°

C

goPCEx_ppm

1 mg

=1.56x% 101

-6
PTCAx=3-31x 10 ~atm

CgOTCAX =29x 10

C

goTCAX_ppm

2 mg

=4.86x% 100
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TCEx=HTCE
MW cg
c _ PTCExMWTCE
oTCEx~
g Rg'TX
C
TCE
c 2o X .106

oTCEx ppm‘= tar
g _Ppp MWT CE

— CLngX
PHgx = HHg' MWHg

R _ PHgxMWhy
oHgx -~

gorgx Rg' T,

c CooHgx

6
=— -10
goHgx_ppm MWHg Rstar
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=5
PTCEx= 3-44x 10 " atm

1 mg

CooTCEx = 1-85% 107

C =3.15x 101

goTCEx_ppm

P = 2.16x 10° ” atm

C —177x 107 128

goHgx

C =1.98x% 101

goHgx ppm

According to BSL (Bird et al 1960) diffusion and hence K is 1st order in temperature
and a function of viscosity. Since this is assumed ambient, there is no adjustment.

Therefore, the final, adjusted K is:

1

MW
K =K —02 £,
PCEx™ ™02 “Isafe
MWpcr W

MW
K =K —02 £,
TCAx =202 “Isafe
MW pca ty

1

MW
K =K —02 £,
TCEx = ™02 “Isafe
MW ty

5m

KPCEX: 6.42x 10 R

KTCAX: 6.9%x 10

5m

KTCEX: 6.94x 10 R
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QaX
Vo= ——
Vox
\Vs
Lx
ApCEX'T KpeExAix CLoPCE:

KperxAix Vax t Qax Vix

Aix
Ppcrx= Kpcpsy—
Lx

ES K A C
ATCAX = Kreax Aix CLoTCAs
KreaxAix Vex T Qax Vix
) Aix
Preax= _KTCAX'W
X
\V:
Lx
ATCEx™ Kok CLoTCE:
KrepeAix Vox T Qax Vix
) Aix
Prcex= _KTCEX'W
X
\V:
Lx
O Hgx = Kygx Aix CLoHgs

_KHgX'AiX' VgX + Qax Vix

A.
Prgx = Kpex o—
gx gXVLX
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5m

Kygx = 6.03% 1077~

' -1 1
Y =—2.47x 10 1—_
min

apepy= 276 10 3%

_3 1
- 318x 10~ —
PpcEx -

ATpx = 588 107 4%

-3 1

BTCAX——342>< 10 El
-3 mg
(XTCEX: 6.39x 10 T
31

=-344x 10 ~—
Breex -

-3 mg
o =493x 10 ~—
Hgx I

-3 1
BHgX_ -2.99x 10 El
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I11.2.3.b Vg Worse Case
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Tg:=(460+ 170R Tg=3.5x 102K
70 Since volumes change with
VI g:=—gal . . .
2 time, use average to simplify
400
Vi o7 = 320gal Vgo = el
V-Tank Liquid Compositions @95%UCL, mg/L
Constituent V-1 V-2 V-3 V-9
PCE 2.11E-01 4 18E-02 4 16E-02 7.29E+01
TCA 4 18E-02 4 18E-02 4 16E-02 1.80E+02
TCE 2.41E-01 4 .52E-01 3.00E-01 6.36E+02
Hg 4.02E-01 4 18E-03 4 16E-03 0.563
mg mg
m C =180— C =636—
CLopCEY ™= 72'9Tg LoTCA9 L LoTCE9 L
mg
C =0.563—
LoHg9 I
. CLoPCES -3
PCE
c _ PpcEIMWTCE c 3alx 10 Mg
goPCE9 -~ Rg'Tg goPCE9 = 2-+1% L
C CaobCE9 1¢° C 4.6x 10°
oPCE9 ppm‘= Rstar oPCE9 ppm = *®%
g PP MW e g _pp

CLoTCA9

PTCA9 = HTCA'—MWTCA

—2
pTCA9 =2.29x 10 atm
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PTCcAYMW e

Rg~T9

CooTCA9 =

C
goTCA9 6
C == 10
oTCA9 ppm Rtar
g PP MW e

N CLoTCES
TCEY=Hrep
MWrcg
c _ PrcEoMWrcE
OTCE'™ o
g Rg'T9
CooTCEY 6

C = -10
oTCE9 ppm tar
g _Pp MW TCE

N CLoHg9
Hg9 -~ HHg'
g g MWHg
c _ PHgoMWpyg
oHg9 -~
gorg Rg'T9
Cgng9

6
C =— -10
goHg9 ppm MWHg Rstar

The boiling points are from Lange's (Dean 1985):

Tppep:= (1214 273K Tprea = (74 + 273K

Tyrep:= 273+ 87K Thpgg = (273+ 357K

Find the viscosity ratios:

EDF-4956
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2 mg
C =1.06x 10" ==
20TCA9 L

C =1.78x 104

goTCAS ppm

—2
pTCE9= 4.84% 10 atm

2 mg
C =222x 100 —
goTCE9 I

C =3.78x 104

goTCES ppm

PHg9 = 3.03x 10 5atm

- - 1 mg
Coottgo = 211x 107 ==

C =2.36x% 101

goHg9 ppm
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1 1
38T . —
bPCE
{Tamb T9]

Mrat PCE-=°

1 1
38T . —
bTCA [T T9]

amb
Hrat TCA =€

1 1
38T . —
bTCE
{Tamb T9]

Mrat TCE=¢©

38T L1
L T

._ amb
Mrat Hg =€

Therefore, the final, adjusted K is:

1

3
R MW, ; Ty .
PCE9-— ™02 Isafety - ‘Hrat PCE
MWpcg Y T -

1

3
| MW Ty
Kreao =Koz | T | Tsafety | T |Prat_TCA

MW ea amb

1

3
- MW (5 ) Ty .
TCE9-~ ™02 “Isafety ‘Hrat TCE
MWrcg Y\ Tam -

1

MW, ) Tq
Kpgo =Koz MW Tsafety T "Mrat Hg
H amb -

8
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0
“rat_PCE =2.11x 10

0
“rat_TCA =1.93x 10

0
“rat_TCE: 1.98x 10

0
Hrat Hg = 33x 10

—4 m

4m

—4 m

—4 m
K =234x 10 —
Hgo S
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Need to determine a reasonable time to remove V-9, say 4 hr

g := 4hr Tg=1.44x 104s
assume 4 x volume generated during removal Vo:=4-V] o1
Dvgiz 42in

—Tn 2 0.2
Ajg:= Z~DV9 Ajg=9.62x 10 ft

The flow is less than the Vy tanks since it's going through a 6 in nozzle

L;:=3ft The height above the liquid level
Dyg . o 1
ri= — The area for finding the average velocity is: r=533x 10 m

0.533m _
vgi= - Vg =3.13x 10 “S—n
-2
f — L.x|dx
| 2 2 !
J r —X
0.533m
Qa9 vg=313x 10 ' 2
V9::A_ S
9
Qa9 : 01
Y9:: Y, 'Y9=—7.14>< 10 —
Vg9 min
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ApCEY= KpcrgAio CLopCEe

“KpcrgAig Vgg + Qao V19

Ajg
Ppcro= Kpcrg v
L9

VL9

ATCAY" KreaoAioGoTcag

KreagAig Veo + Qo Vg

Ajg
Brcag = _KTCA9'_V
L9

N KrengAigC
O TCE9™= KB Ao CLoTCES
KrergAig Voo + Qo Vg

. Ajg
Brcro= _KTCE9V_
L9

\V:
L9
g9 = K19 A9 G oHg9
& Ko AigVgo + Qo Vg T £
B =K Ajg
He9 = RHgo 7 —
L9

I11.2.4. Results

II1.2.4.a Vx Results

EDF-4956
Revision 1
Page 74 of 132

apepy=1.16x 107 28

-2 1

min

ATepg = 282x 107 1%

21
= 633x 10 “—
Brcag -

aTepo=1.03x 100%

2

21
- 652x 10 “—
Brcrg -

_3 mg
o =132x 10 ~—
Hgo L

-2 1
BHg9 =-946x 10 El

The amount coming from V-x tanks is initially at equilibrium then falls off and becomes zero

once all of the contents have been removed.
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PCE/Vx Results

Concentration vs. time:

Rstar

PpcExt
C t) ;= ——{(x .e
PCEx() MWPCE PCEx

t
+(CaopCx~ “PCE))'GYX }'(D(TX_ y
CpepOr) = 1.56x 10 ppmy, Cpepony) =0 10

The time weighted average (if T4 > At, use At).

Rstar [At

MW pep At J .

Ppcrxt

Y5t
+ (CgoPCEX_ “PCE))'Q } dt

TWApCEx= [“PCEXQ

—1
TWApcpx=2.69x 10 ppmy,

The total amount over the run time:

T

X
MpCEx= J [O‘PCEXG
0

Ppcext Tt
+ (CgoPCEX_ OcPCE))'e Qaxdt

mpepy= 7-11% 107 ke

TCA/Vx Results

Concentration vs. time:

Tyt

Rstar

Brcax't
C t ::———~l:(x e
TeA MW 1 TCAX

Jotes-

+ (CgoTCAX - 0‘TCAX)'G
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0 0
Creay(Ohr) = 4.86x 10 ppm,, Creayi) =0 10

The time weighted average:

Rstar [At

MWTCA.A{JO

Brcaxt

YX.t
+ (CgoTCAX - O‘TCAX)'G } dt

TWATCAK= [O‘TCAX'e

—2
TWATcAx=74%x 10 ~“ppm,

The total amount over the run time:

Brcaxt

9
Tt
MTCAx = J( [“TCAX’G + (CgoTCAX - O‘TCAx)'e h }an} dt
0

mpepy = 1.14x 10 ke
TCE/Vx Results

Concentration vs. time:

Rstar [ Brcext vxq
C B =——]« :€ +(C - -e -Dft, -t
TCE W TCEx oTCEx™ “TCE X
MWrcg ( g )) ( )
_ 1 _ 0

The time weighted average:

Rstar [At

MW oAt .

Brcext

YX.t
+ (CgoTCEX_ 0‘TC]5>)'6 } dt

TWATCEC= [O‘TCEX‘:

—1
TWA TcpRx=6.66x 10 " ppm,,
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The total amount over the run time:

x Brepyt Tyt
TCEx X
MTCEX | [“TCEX’e + (CgoTCEX_ 0‘TC]5>)'6 }'andt
0

myepy= 1.39% 107 ke

Hg/Vx Results

Concentration vs. time:

BHgX't

CHgX(t) = |:(ngX~e + (CgngX - (ngX)eyX.t}(D(tX - t)

- 2 mg ) = 0 mg
Cpigy(0hr) = 177 10° = CHgX(ool) =0x 10 =
m m

The time weighted average:

[At

1 Bng't YX't:|
TWAHgX— EJ |:(ngX~e + (CgOHgX — (ngX)~e dt
0

(0 mg
TWA =345x 100 —=
Hgx 3

m

The total amount over the run time:

T

X
. |: BHgX't
mHgX'_J gy
0

+ (CgngX - (ngX)eYX.t}Qath

EDF-4956
Revision 1
Page 77 of 132



431.02
01/30/2003
Rev. 11

—2
Moy = 1.26x 10 “kg

t := Ohr, Imin.. 10mir

Creax® =

ENGINEERING DESIGN FILE

The results are plotted in Figure A 4.

ppny

4.86-100

3.82:100

3.01-100

2.37-100

1.87-100

1.48-100

1.18-100

9.43:10-1

7.57-10-1

6.12:10-1

4.99-10-1

t= Cpepst) = Crepdt) =
0-100 mir 1.56-101 ppm,| 3.15:101
1100 1.23-101 2.49-101
2100 9.68-100 1.97-101
3100 7.64-100 1.56-101
4100 6.05-100 1.24-101
5100 4.81-100 9.93-100
6100 3.83-100 7.99-100
7-100 3.07-100 6.47-100
8100 2.48-100 528100
9-100 2.02-100 436-100
1101 1.65-100 3.63-100
Figure A.4
210 4
-4 N

Creax(® A
_____ Lot b N
CpepxH) h
ev—— \ “
Cpio(®)

H -
¢ 5.10 °

t
I11.2.4.b V9 Results

EDF-4956
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Cpigd® =

111, m
PPy M 7702 =8

139102

11102
8.69-101
6.89-101
5.49-101
439-101
3.54-101
2.87-101
234101
1.93-101

The amount coming from V-9 is initially at equilibrium then falls off and becomes zero once

all of the contents have been removed.
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PCE/V9 Results

Concentration vs. time:

Rstar

Ppcryt
C t ::—~|:(x e
PCESD MW per; PCE9

-t
+ (CgoPCE9 - O‘PCE9)'GY9 }@(’59 - t)

3 0
CpepdOhr) = 4.6x 10° ppm,, Cpepdi) =0 10

The time weighted average:

Rstar fI ’

MW pep AL ) .

Ppcrot

Yot
[O‘PCE9G + (Cgopcro— 4pepg-e } dt

0

The total amount over the run time:

19

_ Bpcrot
MpCE9= J ApCRg®
0

Yo't
+ (CgoPCE9 - 0‘PCE@)'G "Qqodt
2

TCA/V9 Results

Concentration vs. time:

Rstar

Brcagt
C (1) = —.[a e
TCAY TCA9
MW pcp

-t
+ (CgOTCA9 - O‘TCA9)'GY9 }@(’59 - t)

4 0
Crepg(0hn) = 1.78x 10" ppmy, Crea(=;) =0 10
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The time weighted average:

Rstar fI ’

MWTCA.A{JO

Brcagt

Yot
[O‘TCAQG + (Cgorcan ~ 41CAY) } dt

0

The total amount over the run time:

Brcag't

T
9
( To't
mreA9= | [ *Teae + (CgOTCA9 - 0‘TCA9)'¢ "Qqodt
0

mpepg = 1.04x 10 ke
TCE/V9 Results

Concentration vs. time:

Rytar Brcrgt Yo't
CreEdV = T L *TCEg® + (CgOTCE9 - 0‘TCE9)'¢ 'CD(’~'9 - t)
TCE
= 4 ~ 0
CrepgOhr) =3.78x 10" ppmy, Crepgdi) =0x 10

The time weighted average:

Rstar fI ’

MW e AU J .

Brceot

Yot
+ (CgOTCE9 - O‘TCEQ)'e } dt

TWATCRe= [O‘TCEge

1

The total amount over the run time:
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19
Brceot

Yot
MTCE | [O‘TCEge + (CgOTCE9 - O‘TCEQ)'e }'Qa9 dt
0

mpepg=2.52x 10 ke

Hg/V9 Results
Concentration vs. time:

Prgot

CHg9(t) = |:(ng9~e + (Cgng9 - (ngg)eygt}(D(tg - t)

0 mg
Cpigg(Ohr) = 2.11x 10" == o=y I
m

The time weighted average:
19

1 Prigot
0

-t
+ (Cgng9 - (ng9)~eY9 :| dt

—2mg
TWAHg9 =7.22x 10 —3

m

The total amount over the run time:

PHgy't

T
9
Yo't
MHgo = | [O‘Hgge + (Cgng9 - (ng9)'e }'Qa9 dt

0

myygg = 1.99x 107 ke

t := Ohr, 1min.. 10mir The results are plotted in Figure A.5.
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5-100
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Cpcpdt) = CTCpdb) = Creag® = Crgo(V) =
mir 4.6-103 m,| 3.78104 m 1.78-104 m m
183101 . 194102 PP 584101 P 2'11'10§ _3g
1.38-101 1.54:102 4.17-101 12;180 m
129101 144102 3.91-101 S 5e 0
121101 135102 3.67-101 e
1.13-101 126102 3.44-101 P EYETE
1.06-101 1.18-102 3.23-101 o
9.97-100 111102 3.03-101 IR
9.35-100 1.04-102 2.85-101 o
8.77-100 9.72-101 2.67-101 TEr
8.22-100 9.11-101 251101 :
5.13-10-1
Figure A.5

0.04 | |

0 100 200 300 400 500 600

1I1.2.4.c Consolidation Tank Results

During fill and thereafter, assume equilibrium at the leakge rate.

PCE/C Results

3
CpcEe= Cpepdthr) Cpepe=4-6x 10" ppmy,

TCA/C Results

4
CTCAC = CTCA9(Ohr) CTCAC =1.78x 10 ppmy,
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TCE/V9 Results
4
CTCRe = CrepgOhn) Crepe=3.78x 10 ppm,,
Hg/V9 Results
— _ 2 mg
CrHge = Cpgo(Ohn) Cyge = 2.11x 107 =

3
m
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V. Sparge the tanks to remove VOCs

Demonstrate that the 3 main VOCs can be removed in reasonable time. Also, determine the time to remove
the worst-case VOC.i.c., 1,2 dichlorobenzene (H' = 0.07).

In Appendix B it is shown that the solids-liquid mass transfer coefficient is not rate limiting.
Further research indicates that this is the case based on mixer correlations. Therefore, only the
liquid-phase transfer coefficient is required. While a more conservative kj a was used in EDF-

4602 Rev. 1, additional research has indicated that the correlations are consistent and predict
fairly rapid removal.

The transient balance on 1,2-dcb for the solids:

ki

DP . .
%tX = _Koa_La(X - ?) Since kgkp >> ki a (See Appendix B)
Koa La = kg

Solve for p in terms of X:

Q 1
> oy = 08437

s =
Rtar S

]

At any point in time, the mass transfer rate is:

K M| X P
o = M- [
oa La H

% -2 Since ® << 04 (assumed, this assumption gets worse at lower flow):
o+ o
S
K M| X D
P o oa_la U
P o Oy
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{@S.HJr Koq La~M~kD~Pj Koy 1o M- X
p: = =

P~03S~H Oy

P-Hyeh: kLa_dcb Mk kg-atm

_ A =0.03
o Haeh + ¥La_deb MuckpP mol

p=AX A

Now the derivative can be integrated

X
[ fidX— kK 1 Ak—D t
J x o la H
X
For 99% removal

X kp In(0.01
Inf — | = _kLa'[l - A._jt t:= n(0.0D t = 168.04hr
H A-kp

—kLa_dcb'[l - —j (For 1,2-DCB)

Hyep

Also show as a function of time:

Ll

P=pye

The above shows that DCB takes longer than the nominal target of 42 hours.

Based on sample extractions during recent sonication testing at MSE, the values for PCE, TCA, and TCA
could be off by certain factors (Miller 2004). However, the 95% UCL values are used.

X, mg/kg
PCE 1.46E+03
TCA 6.60E+02
TCE 4 62E+03

Hg 5.84E+02
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Check each of these individually to determine if they will be removed by 99% in the sludge phase. The
target is 6 mg/kg based on total concentration. It is also desired to check the vapor concentration to
determine range and accuracy of the VOC PID detector.

mg mg mg
Xpep = 14602 Xepeop = 6602 Xepop = 4620—2
PCE ke TCA ke TCE ke
N PHpcpkra peeMik kg-atm
PCE= Aper = 0.26—=
ogHpep+ Ko pcEMikkpP PCE mol
In(0.01)
tPCEZZ N . tPCE: 18.2&hr
PCEKD
Ka peE| 1 -
- PCE
_ 4 mg
Xpep = 0.01 Xpey XpCE £= 14.6E

S Xpcp_M
TPCE= T o
M+ Vliq'pL
_ ApcEXpCE f
YPCE_f* TPMWpon
PHpea 'k a Tea-Mik
Atea =T K M, k3P
OgHTCA T ¥La TCA Mtk *D
o In(0.01)
TCA ™=
Ateatp
Ma Tea| 1T
- TCA

mg

0
C =2.37x 10
TPCE kg

YPCE = 26.83ppm,,

— 1 kg-atm
A =206x 10  ——
TCA mol

1
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c ~ X7ca M
TTCA= T v
M + Vliq'pL
_ ArcaXTea f
YICAf = T MW ran
. PHycpka TerMik
Apcg=

ogHpep+ ko TecMgckp P

1n(0.005)

Arcekp
Ka TeR| T

TCE=

Hreg

XTCE_f:: 0.005 XTCE

Xrcg M

C =_—
TTCE

ATCEXTCE £

YTCE_f*= P MWy

For mercury

— 584708
Xypg =584 ”

P'HHg'kLa_Hg'Mtk

AHg =
0)s'HHg + kLa_Hg'Mtk'kD_Hg'P

mg

X =66
TCA_f ke

0 mg

kg

yTCA_f =15. 1pp1’1’1V

kg-atm

A =0.15
TCE mol

1

X —03128
Tep_r= BT

0 mg

kg

yTCE_f =31 .85}1)11)1’1’1V

XHg
Hg m-~
MWHg
kg-atm
Ayy, =02——
Hg mol

EDF-4956
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Note: changed to 99.5%
to get C1 < 6 mg/kg
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In(0.01
= (00D tyg = 232x 10 b

t =
Hg
Apgkp Hg
_kLa_Hg' 1 2 =

HHg

Therefore, a reasonable time is obtained. There will be some that are not completely removed.
However, the ones predicted to take longer are likely artifacts of characterization. A 42 hour
number is used as it is near an average time to remove 99.9% of the main three VOCs.

Determine the average, 42 hour, average concentrations based on the 56.4 kg total and total
concentrations in the liquid

tS = 42hr MPCE: 1lkg

Using PCE again as an example:

M

PCE 0 mg

YPCE s*= YpCE_s=3-85x 100 —=

— Qs'ts — L
YPCE s 6

YPCE_ppm‘™ —MWPCE. tar 10 YPCE_ppm= 5% 102

The rest are calculated similarly and put in a table (Table A.3) and in the body of the report under
consolidation. Table A.3 is an average based on removing 56.4 kg of VOCs in 42 hours assuming all of
the contaminates emit at the same, constant rate.
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Table A.3
Consolidation Sp
Flow, scfin 7 159 40 233
Tenperature, *C 25 25 25 23
Humidity (RH) 100 100 100 100
YOCs,pphy Raw Dilute Raw Dilute
Benzene 1] 0.00 0 0
bromormethane o1 385 12 3
Carbon disulfide 0 0.00 0 0
Chlorobenzene 0 0.00 0 0
Chloroethene {vinyl chloridg) £i5 2.75 ] 15
chloromethane 11 0.46 19 3
1 2-dichlorobenzene 159 a.70 32 5
1 3-dichlorobenzene 212 303 41 7
1 4-dichlorobenzene A5 2590 43 7
1 1-dichloroethane a7 282 14 2
cis-1,2-Dichloroethene 1 0.04 3 1
trang-1 2-dichloroethylene 13 0.64 34 4
1.,1-Dichloroethene 2 0.09 3 1
Ethylbenzene 0 0.00 0 0
methylene chloride 44 187 77 13
4-Methyl-2-pentanone 1] 0.00 0 0
Tetrachloroethylene (PCE) 1635 6.94 518 20
styrene 1 0.00 0 0
11,2 2-Tetrachloroethane 1] 0.oo 0 0
Toluene 1] 0.0z & 1
1.2 4-Trichlorobenzene 48 2.04 33 6
1.1,2-Trichloroethane ] 0.0l 0 0
1.,1,1-Trichloroethane [TCA) 336 22 42 208 51
Trichlaroethylene (TCE) 736 31.05 2081 358
xylene 1] {0.00 2 1]
Hy 3 0.15 2 0.37

Demonstrate that SVOCs are insignificant from sparging using Aroclor 1260 (Ar) as an example.

PHaroclor12605La_Ar Mik

Aar= _ 3 kg-atm
Ar Ap.=111x 10 ~==2=—
®s-Haroclor1260+ kLa_Ar'Mtk'kD_Ar'P Ar % ol
mg —7
Xpp =144 Par = Aar Xar par=491x 10 ~atm

kg MW A roclor1 260
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Hence, the SVOCs are insignificant

Calculate the initial concentrations and 42 hr-TWA for the main components PCE, TCA, TCE, and Hg:

_ ApceXpcE 3
pO_PCE = WFCE pO_PCE =2.28x 10 ~atm

~ ArcaXrea 3
pO_TCA = WTCA pO_TCA =128x 10 ~atm

~ ArcpXreE 3
pO_TCE = WTCE pO_TCE =542x 10 " atm

The iitial concentrations in ppm,, are:

c _ Po PCE 3

o PCE= b Co_PCE: 2.68x 10 ppmy,
c _Po_TCA 3

o TCA = —P Co_TCA =1.51x 10 ppm,,
c __ Po_TCE 3

o TCE™= b Co_TCE =6.37x 10 ppm,,

Note: diluting from 40 scfm to 233 scfm and using the integral average (Chapra et al 1998)

b
J f(x) dx

a
mean = T At42 = 42hr DF :=20( Ate =42hr
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o1
TWA_PCE := F.J Co PCE®
42 Yy

TWA_PCE = 253.57ppm,

gy

1

TWA_TCA := —J Co TCA'®
0

Algp

TWA TCA =1.43x lOprmV

ENGINEERING DESIGN FILE

Apcekp
~ k4 pCH 1_—HPCE t
dt

Atcakp
“Kateal [t
TCA "

The maximum concentration for mitigated TCA to compare to the IDLH:

Aty

1
TWA_TCE := —J Co TCE®
0

Alyp

TWA_TCE = 1011 81ppm,

Mercury
-31
kLa_Hg =46x 10 g
— 1 kg-atm
A, =204x 10  ——
Heg mol

PHg = XHg_m' AHg

AHg :

Acekp
“Natep| [
TCE "

P'HHg'kLa_Hg'Mtk

O 'HHg + kLa_Hg'Mtk'kD_Hg'P

Pryg = 5.96x 10° *atm
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=—— MW
o Hg ] Hg
RgTy
Aty
1 {
TWA Hg := —J
Algp Jy
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o

Co_Hg

Aggkp He

H,

3 mg

=488x 100 —
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TWA_Hg = 5.86x 102m—3g

m
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A conservative design is to determine the worst-case isotherm (available) and design using the
total mass (Army 2001). Of the 3 main VOCs, TCA is the worst-case isotherm based on having
the lowest curves provided by the vendor (TIGG).

The data for TCA is vectorized from the TIGG data in Table A.4 and plotted in Figure A.1. The
powerfit (standard Mathcad curve fit routine) values are plotted in Figure A.2:

Table A.4

From TIGG @ 80%RH, 100°F

ppmv g/100g
0.1 2

1 4
10 7
100 16
1000 27
10000 41

Figure A.1

60

qTCA(Y)

20

Assume Powerfit f(x) = ax’ + ¢

5000

guessed vector for constants

vg:=| 1

1-10

arcal)=| |
27
41
y 1s ppm per Table A 4
Range
0.1
1
10
VX =
100
1000
10000

0.1

10
100
1000
10000

Domain

16
27
41
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9.03x 100
_ 0.178 -
pwrfit(vx, vy ,vg) =| 1 78« 10 1 qur(y) =9.0% - 438
—4 87 100

Set the range to plot the domain to
y :=0,10.. 1000(

Figure A.2 shows the smoothed function

Figure A.2
60
YTCA_ppm = 2! (From Table A.3,
= average concentration
K for TCA)
Gpwr(Y)
20 — 1
=1.33%x 10
qur(yTCA _ppm) :
|
0
0 5000 1-10*

The mass of VOC is 56.4 kg total.

56.4kg

MGAC est = -10( MGAC egt = 934.07Ib about 20%, a reasonable

qur(yTCA _ppm) value
From the vendor information, the sulfur is 13% do the fraction of carbon is:

Fr€:=0.8"

The amount of S-GAC needed by this conservative procedure is:

MGAC est

3
M = M =1.07x 10" 1b
SGAC FrC SGAC

Each TIGG unit has 400 Ib of S-GAC so that the number of units i1s:
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N _ Msgac
SGACT 4oab

The S-GAC at 13%is:

Sl = MSGACOII

ENGINEERING DESIGN FILE

NgGAC = 2.68

S, = 14 10°1b
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or 3 units. Since the operation is in
parallel, it will be difficult to change
out like that so the the order should be
for 4 units.

Easily accounting for the total
Hg of 4 kg
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VI. Entrained Radionuclides and Loadings

To find the loadings for radionuclides, an entrainment function is needed. This was determined by
plotting the upper curve of C' vs. DF in Figure 11-31 of Perry's 4th ed. This provides a particulate
entrainment for evaporating liquid liquid, kg in vapor/kg liquid.

Gy Qqp
Where Cyir = S — Gyip = i
,/pg~ipL—pgi Ak
Ib Gair _1ft
Gyir = 1.93—2 Copp = ——— Cair = 9-712x 10 E
ft" hr ,’Dg'iPL—Pgi
—.3062
Cair 4 kg .
Ep =2650.4] ——————~ Ep =4722x 10" = kg of vapor per kg of entrained
UnitsOf (Cair) kg liquid

Applying this to the radionuclides using Sr as an example (using total concentration as an example):

. Cov .
Cqpi= 121 10° nci V= _SrPe Vg =2.586x 10 na (A gas phase liquid
mL EyPino L concentration based on
liquid/solid
concentration)

Compare this to plotting the data provided by Othmer (Othmer et al 2004).

Q _3ft
V= > v =849x 10 3L
LI i
4 tk
v - 1.9577 sk
E,=2752 ———— E, =32x 10 =2 kg of vapor per kg of entrained
UnitsOf(v) kg

liquid
The gas phase concentration is then:
CsrPg - 12 Ci

ySr::%— Vgr=3.82x 10
“0'PH20
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Use the Perry's data since it is higher.

The emission rate equals the deposition rate assuming no DF for upstream equipment:

_7Ci

rgr i =ysr Qg rg,=2.6x 10 E
rgrty2 _ g (i -3k
Ly, 1= ——— Lo, = 4.479x 107° = pg=1.01x 10 3k
MsGac kg L

Assuming that there is a DF of 50 from the scrubber and 100 for the HEPA:

DF, := 5( DFyy = 10(

L .
Sr —12 C1
Lsr2: 8.96x 10 —_—

Lgni=——
Sr2 -
DF,-DFyy kg

An Excel spreadsheet was determined for these including accumulation charts based on (e.g. scrubber):

Q G
Clliquid) = ————| Cj — — |t
Vscrubber DF
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VII. Site Worker Protection

Mercury was previously targeted for removal. Since the APAD did not identify any problem with
mercury, it's based on local worker protection.

Calculate the time weighted average (TWA)-threshold limit vale (TLV) for PCE, TCA, and TCE based on
the C vs. t relation:

Apcg XpcE 528 163t
Po PCE'= "o Po PCE=2.28x 10 ~atm
- MWpcE -
ArcaXrca Lag 167 2at
Po TCA ™ "prw Po_TCA = 1.28x atm
- MWrca -
Arce XTCE N
Po TCE™= s Po TCE=>42x 10 ~atm
- MWrcR -
3 3
fi fi
Qg :=40— Qr =230—
min min
The initial concentrations in ppmy; are:
c _Po PCE & c _PoTCA
0 PCET T 0 TCA= T p g,
c _Po TCE &
o_TCE P q

Note: diluting from 40 scfm to 230 scfm and using the integral average (Chapra et al 1998)

b
J f(x) dx

a

mean = —— At := 10hr DF :=20( At :=42hr
b-a ©
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TWA_PCE :=

TWA_PCE = 0.85ppm,, Less than the TLV of 25 TWA

The maximum concentration for mitigated PCE to compare to the IDLH:

_ Co_pcE 0
Co_PCE_max™ "pp Co PCE, max= 2:33x 10 ppmy

The emission rate for PCE is:

42hr
The emission rate 1s:

|
MWpcg |
DF At Ry Jy

Apcgkp
~k 4 pcH 1__—HPC t
B d g

QpcE=— o & Co PCEQT®

TWA_TCA =4.79x 10 1ppmV Less than the TLV of 10 TWA

The maximum concentration for mitigated TCA to compare to the IDLH:

C
O_TCA 0
Co_TCA_max'= "pp Co TCA max = 1:31% 10" ppmy
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The emission rate for TCA is:

42hr
The emission rate is: lf ) Atea'kp
La TCA
_ MWrea | § Hrep
Qrea=——— J Co TCA Qre dt
DF- At Rstar
—41b
10hr
| Arcpkp
| K TCE[ ]
TWA TCE = ! . | C -€ fce dt
_ T DEAL JO o TCE
TWA TCE =0 Less than the TLV of 25 TWA

The maximum concentration for mitigated TCE to compare to the IDLH:

Co TCE

0
OF Co_TCE_maX: 5.54x 10 ppmy,

CO_T CE max'=

The emission rate for TCE is:

.. . 42hr
The emission rate is: lf ) Arepkp
~*La TCE| *—
MWreg | c Hrcp q
TCE™= op ar J o TCEQTe t
e Rstar 0

-31b
Q =445x 10 " —
TCE hr
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Mercury
-31 P'HHg'kLa Hg'Mtk
kLa Hg =46x 10 - AHg = —
h S 0)s'HHg + kLa_Hg'Mtk'kD_Hg'P

— 1 kg-atm
A, =2.04%x 10 " ———
He mol
- X A =596x 104
PHg = “Hg m Hg Ppg =296 atm
PHg Qg 2 mg
. . — C =849x 100 —
o Hg ] Hg o Hg
RyTy Qr 3
(thr
Aig kD g
I PR 1——H -t
1 - H
TWA_Hg = : Cy 11 g dt TWA Mg = 1.85x 10”28
At-DF JO -8 - .

The maximum concentration for mitigated Hg to compare to the IDLH:

C

_ o Hg 0 mg
o Hg max™= 3 Co_Hg_max=424x 10°=
m
The emission rate for Hg is:
.. 42-hr
The emission ratF: 18! Apg kD_Hg
| Mamg| T |t
Hg* DFAL J o Hg <T
0
—41b
Qppg =439x 10—

This exceeds the 10-hr TWA of 0.01 mg/m3 for elemental and 0.03 mg/m3 for allyl-Hg so check
dispersion from a 20 ft stack.
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See Figure A.7 for coordinates (the nomenclature of Parnell et al is used).Since the origin is set at the
stack centerline, Xy rce and Ygouree are zero. Also, the y is at midplane and also zero.

The concentration at point (x,y,z) is (Parnell et al 2003):

S I e O 18 B e B0 1
2 2 2 2 2 2
c c c
C(X>Y>Z): € y | € “ + ¢ z
2~n~u~0y~GZ
mi
E:= Co_Hg_maX'QT u:= 1SE
7= 06ft H =121t y =0ft 0 :=45deg

Note, z is the height of an individual

e = 10 Xource = Oft Yrec = 101 Ysource = Oft
. 0
X:= (Xrec — Xsource)sm(e) + (yrec - ysource)'cos (6) X=431x 100m
&
Figure A.7
| [Gas Tregtment

Worst-case is Class F. For less than 0.2 km,

a:=15.209r b :=0.8155: c:=4.1667deg d :=0.36191deg
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X
T;=c-dln ———— T; = 3.64x 100deg
UnitsOf (X)

X~tan(Ti) ( X )b
o, = ——— G, =a| ————

y 2.15 UnitsOf(X)

6y =127% 10" 'm 6,=501x 10'm
2 2
ROl I I G N B P G
. 2 Gyz 2 Gzz 2 Gzz
Ci1p = e € +¢
& 2~7‘C~U~GY~GZ
Cyyo = 0.0034222 Thus meeting the TWA-TLYV for elemental and allyl-
Hg 3 g 11 y
m Hg at the worst-case position of (10 ft, 10 ft, and 6 ft

tall individual) in-line with the prevailing SW winds.
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VIII. System Safety

Examine the kinetics of carbon and sulfur reacting with oxygen. Thermodynamics indicates that the
reaction is spontancous in our temperature range, T = 30 - 120°F. The process depends on the mass
transfer coupled with chemical kinetics that are well known for C/O9 (Levenspiel 1972). For sulfur,

Calgon Carbon indicated that there should be no problem based on their experience (Ashworth
2004¢). Therefore, the focus is on carbon.

-1 1 . .
(d— NGACj =koa'Coz k, =——-— Agyrf 1s approximately 1000 mz/g, the

A oa
surf \dt n surface area of GAC

LI
ke Ky
The reaction kinetics are known (Levenspiel 1972):

— 44000cal

11
43210 .
= ——-¢ RT kS 1n cm/s

kg 1s found from the Sherwood number:

1 1

Sh=2+ 0.6Sc3 ~R62

To obtain a rough estimate, assume the carbon particles are small enough that Sh = 2 and that diffusivity
stays constant at:

2
Dy i= 0.2 (Thibodeaux 1979)
S

The GAC particles are 4 x 10 U.S. sieve, a cylinder 4.76 mm x 1.68 mm, use:

2-D
02 — 1
ky 1= —— kg =84x 107 2 Kog =

1

+ —_—
— 44000cal kg
432100 RyT
o2V .

JT
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The rate was plotted at several oxygen concentrations using T as the independent variable. The results are
shown in Figure A.8. The oxidation rates are very small for all oxygen concentrations at the temperature ranges
expected (up to 120°F).

Figure A.8

GAC Carbon Oxidation vs T and 02

1.00E+00

1.00E-02
© 1.00E-04 |
1.00E-06 + Rate, 20%
£ 1.00E-08 | » Rate, 22%
g 1.00E-10 - Rate, 25%
@ 1.00E-12 - Rate, 50%
% 100E-14 * Rate, 75%
@ 1.00E-16 | « Rate, 100%
(4]
14

1.00E-18 +
1.00E-20 +
1.00E-22 +
0 200 400 600 800

T, °F
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Nomenclature M Mass
a,b,c,d Constants, various MW  Molecular Weight
a/d Ratio from hole theory of liquids n Number of something
A Area N Impeller speed
C Concentration NAv Avogadro's Number
Cair  Virtual air velocity Di Partial pressure of i
Cg Gas concentration P Pressure
CL Liquid concentration Pow  Power
D Diameter q Isotherm, mL/g
df Degrees of Freedom Q Flow rate, Dimensionless g
DF Decontamination factor Qg Displacement gas flow
Dimp Impeller diameter QL Gas leak flow
Dtk Tank diameter Q S Sparge gas flow
E Entrainment, emission rate Qr Total gas flow
Fq Displacement liquid flow Q, V-Tank Vent flow
fi Error factors for VOCs Rat
f Fraction organic carbon g ae
0¢C g R Retardation factor, gas constant
fsafety Safety factor, mgss transfer R2 Correlation coefficient
g Gravity conversion Re Reynolds number
g Gravity acceleration Rg Gas constant
G Mass velocity Rgtar  Volume per mole
h Height, Plank's constant Sc Schmidt number
H Henry's constant, stack height Sh Sherwood number
H' Dimensionless Henry's constant t Time
J Dimensionless concentration T Temperature. 1/2 Pasauill ©
kp Solid-liquid partition coefficient b ’ d
K Mass transfer coefficient To Boiling temperature
K iy . TINV() EXCEL worksheet function
p  Gas-GAC partition coefficient : :
. u Wind velocity
kg Gas phase transfer coefficient v Velocity
kg Inverse Henry's (i.c. solubility) VR Retarded velocity
kia  Liquid phase mass transfer coefficient vg Guess vector
kg Solid reaction rate coefficient VX x data vector
Koal 2 Overal.l mass transfe.r.coefﬁcient. %y %gi?rln‘e/,e::l%rlar volume
Koc  Organic carbon partition coefficient \ Gas volume
Kow  Octanol-water partition coefficient VL Liquid volume
L Loading Vm  Molar volume
m Moles Vi ppm or Mole fraction of i, gas
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Greek

a.B.y
a

o/a
AGq

AP

&g
®
A
i
p

Q
v

Q
N

0 e €pe M-

ENGINEERING DESIGN FILE

Constants

v/R

Spacing factor, liquid
Free Energy of Activation
Pressure drop

Efficiency

Wind angle

Stripping factor
Viscosity

Density

Horizontal dispersion

Vertical dispersion

Residence time

Gassed power number
Heavyside step function
Probability, transformed variable
Mole rate, mass transfer
Emission rate
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Appendix B

Air Stripping of VOCs from Slurries in a
Batch Air-Sparged, Agitated Tank
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Appendix B

Air Stripping of VOCs from Slurries in a
Batch Air-Sparged, Agitated Tank

B-1. BACKGROUND

Chlorides represent a potential materials corrosion problem for treating V-Tank wastes. If chlorinated
VOC:s are stripped out prior to any treatment (for PCB, BHP, etc.), the residual chloride level is reduced
to 100-200 mg/L. This document attempts to explain some of the complicating factors associated with
stripping, provide justification for testing methodology, and to provide initial estimates for laboratory
conditions. Further, it discusses the methods of obtaining required mass transfer coefficients for scale-up
to apply to the full-scale system.

B-2. INTRODUCTION

Figure B-1 shows a transfer from mole fraction x, in the bulk liquid to an interface at x,;. Figure B-2
illustrates the driving force concepts. This is called the liquid phase transfer and is designated as:

Ny :kYL(xA _xAi) ()
At the interface, the liquid and gas are in equilibrium such that:
Yu=H 'xAi 2)

The transfer continues as long is there is a driving force’ from ya; to ya. If the rates are low® (Thibodeaux
1979), then the gas transfer is designated as:

N :ké}(yAi_yA) 3)

These two rates are equal and designated Na. There are two overall relations that can be used
interchangeably depending on the ease of use. These are based on virtual or non-existent liquid
concentration in the vapor (x5 = ya/H) and vapor concentration in the liquid (v = x,H)"

N,=K, (x,-x},) ()

N, =K;(y,-y.) ()

Adding the differences, K | is found, hence:

', If there is no driving force, the curves are flat and the gas is in equilibrium with the liquid.
*. Otherwise, the mass transfer coefficient may be a function of the mass transfer rate.

Y Note that although these are virtual, they are used extensively in mass transfer.
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Since ya; = H'x,;j and ya = H’x, " and canceling the N’s:

1 1

1
X, k,  Hk,

A similar derivation can be done for the gas phase with the result being:

I

1
Ko ke K

XA

™~

Xai

Ya

Figure B-1. Interphase Mass Transfer, Stripping.
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(6)

(M

®)



431.02 ENGINEERING DESIGN FILE EDF-4956
01/30/2003 Revision 1

Rev. 11 Page 113 of 132

Yar ——
A [

Qo
o
2

Yai —1— =
=
T
1]
©
{e)]
[
[}
>
c a2\
—_
<
>
x
<
=

A
Ya — -~

Xa YA

(xaXa+) overall liquid driving force

Xax Xai XA

Figure B-2. Interphase Driving Forces.

An analogue can be found using concentrations with appropriate Henry’s Law constants and mass transfer
coefficients, 1.¢.:

N,=K,(C,-C) )
1t 1.1 (10)
K, k, Hk,

For VOC'’s, the liquid phase is normally controlling”. Further, the areas needed for an actual molar flow
rate are difficult to determine and are usually lumped together.

K, =k, (11
k, A=k aV (12)
Where the “a” is the specific area of bubbles per volume of batch tank.

An analogous method is performed for the solid to liquid transfer as shown in Figure B-3.
NAS:kS(XA_XAi) (13)

N, :kL(C/Sn _CALz') (14)

. Note, some use K, and k;, interchangeably.
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N o =ke(p,—p) (15)
N, =K, (X, -X]) (16)
N, =K, (C;-C)) (17)

Where Ca"" = Xa/kp, with kp being the distribution coefficient. A relation is needed for the **’s. The
X, needs to be is mol/kg or mg/kg so that:

1XT** 17/1ka)

s (18)
Likewise with C,":
« _ P
C = FA (19)
The method of finding the overall coefficient based by necessity on the liquid coefficient is:
Lo (er-cn)es ~c)ics -c) @0
oal
N, 1 N 1
M, e
T (X, -x,) PG
S S S (22)
lifoaL }kl)}ks A?L JF[kG
As discussed previously, there is a need for areas to obtain molar or mass rates:
1 1 1 1 (23)

= +—+
K ,a, kyka ka Hk,a

oal. > oa
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Solid cs

Liquid

Pi

Vapor

Figure B-3. Overall Transfer.

B-3. ESTIMATING RATES FROM CORRELATIONS

Solids-Free Water. For solids-free water and liquid rate limiting, the following is found:

dc _

< k,alC-C”)

EDF-4956
Revision 1
Page 115 of 132

24

Since both quantities vary, need a relation between C and C". The instantancous mass transfer is:

o =k,aV(C-C")
Since the pressure fraction = volume fraction:

w

P _
P a)+a)air

p _kavic-c)
- w +a)air

~

If it 1s assumed that © << o, then (27) becomes:

P k,aV(C—plH)
P B 0]

air

_ Kk, aVPHC _ k,alPC
P Ho, +ka’P o

air

(25)

(26)

@7

(28)

(29)
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The above (29) indicates that p is small and p/H (C") is smaller and can be neglected in (24) for some
cases.

If the assumption in (28) cannot be made:

—b—~B —4yC 0)

2y

p:

arr —
Z_—

Where b=- LJrng D , !
H P kaVP HP

The mass transfer coefficient is dependent on the physics of the system and not the concentration or the
mass transfer rate at low rates. The general correlation has been found to be:

s
P|
k,a= O{V—j v €2y

L

The constants o, B, and y in (31) vary depending on the reference but based on several references (Perry
& Green, 1984, Harnby et al 1992), it is recommended that: “a” be found by experiment, 3 and y from
Harby or Perry’s. Without any experimental data, it is recommended that “a” take one of the values for
non-ionic liquids for this particular case.

Several other correlations were found that indicate the kLa from Perry’s is applicable, that is if testing on
the actual waste cannot be done. The literature includes:

Van’t Riet (Van’t Riet 1979) that appears to be the original data quoted by Perry’s

Yagi et al 1975

Valentin 1967

Hocker et al 1981

Zlokarnik 1978

Using the calculated k; a, the time is found by integrating (24):

t= _—lln(g—fj (32)

Solids-Containing Water. For the case of solids containing VOCs in addition to the liquid, the overall
coefficient needs to be used in terms of the liquid:

dC** ok #

7 :KoaLaoa (C _C ) (33)
dX /k

TD = KoaLaoa (X/kD - %) (34)
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oal."Yoa 1 1
+
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(35)

From Chrysikopoulos et al 2003 it is found that Kp levels out at about 0.06 cm/h shown in B-4 (the liquid

velocity from mixing in an air-sparge, agitated system past a particle is expected to exceed this).
However, it’s not an equivalent analogue. Braida (Braida and Ong, 2000) correlated the ks with the

Sherwood number for air flowing through porous particles that may be a better analogue:

kga'd,
D

Sh

The Sherwood number for like-kind systems is (see Oldshue 1983, Harnby 1992) :
Sh=2+0.72Re}* Sc'"’

This becomes 2 as dp —0 so (37) can be set to 2 and obtain:

2D
kg = —
adp

The specific surface area (a”) can be calculated based on the mmpd, 144 mp.

_3(1-n) _ 3*%05  5200m*/m’
2D,p,  2%144x107° p, 14kg/L

=3.7m" kg

(36)

(37

(3%)

(39)

The time to remove is then entirely analogous to the solids-free water system shown in (32).

008 F ; . ; i
Il [ . "
§ 0.04 F L -
M
002 ‘
{
0.00 b , .
0 p y . ;
U, {om/)

Figure B-4. Solid mass Transfer Coefficient.
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Determine the ks from (38). The diffusion coefficient for TCE is D = 9.1x10° cm?s.

_ 2%9.1x10°em? /s
3.7m* kg *(0.0144cm)

- =237x10"kg/m’ /s

Using the kra from Perry’s” (Perry & Green 1984)

P 0.4 w 0.4
koa=00260 £ | v*° = 0.026[ : 3j (23x10*m/s)” =2.5¢107 5!
; .001m

1 1 o
Koaos = +L: 1 ) I ~2.5x10 s
kpksa' kpa  64L/kg*2.37x10 2 kg/m® [s*107m* / L*5200m” /m®>  2.5x10 s~

The above indicates that only the resistance from liquid is needed.

B-4. LABORATORY ANALYSIS

The best method is to find the constants in (31) for solids-free water. Then, k; a is known for any
condition for this water and can be used for scale-up. The solids-water system coefficient (ks) would then
be found from the overall coefficient. These types of tests would provide a fairly high degree of
confidence in the scale-up to the actual system being procured since the correlation is not known for ks.

If only a single test can be done based on vapor space analysis, a fairly crude but useful K, can be found.
Also, it is recommended to use (31) for the scale-up with “a” determined from the single test and
assuming the K., is correlated by (31). Similar to (26):

KoaLaoaM(X - kDp)
= H (40)

KoaLaoa (X - k]Dip)M + a)air

NI

The mass transfer is normally much smaller than the molar air rate, © << ©,; so that:

KoaLaoaM(X - kDJ)
D _ H 41)
P a)air
Solving for X:
o, k
X=p —& —+-2|=T 42
P (PKW%M Hj P *2

v. For the assumed laboratory apparatus.
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Using (34):

dp kpp

L =-K_,a (p——-2= (43)
dt oal. ™" oa (p Hr )

Based on (43), plotting In(p) versus t will result in a straight line with the following slope:

Slope = —Koaaoa[l - %’j (44)

It may be that HI" >> kp, so that this last term can be dropped within the experimental error bounds. The
stripping depends on Henry’s Law constant as shown in (38). If kp/HI™ > 1, then no stripping occurs and
the air flow is increased to obtain stripping.

k
7KoaLaoa (17#)1

pP=p.e (45)

If the assumption in (41) cannot be made, a complicated polynomial function results that will require
evaluation.

B-5. NOMENCLATURE

a Bubble specific surface area, m*/m’

a’ Particle specific surface area, m*/m’

Aoal. Overall specific surface area, m*/m’

C Concentration, mol/L

ol Non-existent liquid concentration in vapor, mol/L

C Non-existent liquid concentration in solid, mol/L
D Molecular diffusion, cm*/s

H Henry’s Law constant, L-atm/mol

H Henry’s Law constant, mol frac/mol frac

kp Solid-liquid distribution coefficient, L/kg

kg Individual gas phase coefficient, m/s

ky, Individual liquid phase coefficient, m/s

kra Liquid phase combined coefficient, s™

ko Individual gas phase coefficient, mol/m’-s
kp Individual liquid phase coefficient, mol/m?*-s
Kg Overall coefficient based on gas, m/s

Ky Overall coefficient based on gas, m/s

Ko Overall coefficient based on gas, mol/m*-s
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Overall coefficient based on gas, mol/m*-s
Overall mass transfer coefficient, m/s

Mass solids, kg

Partial pressure, atm

Pressure, atm

Reynolds number, particle

Schmidt number

Sherwood number

Liquid volume in tank, L

Solids concentration, mol/kg

Non-existent solid concentration in liquid, mol/kg
Non-existent solid concentration in gas, mol/kg
Scaling constants

Stripping parameter, solids

EDF-4956
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Appendix C

Vendor Information
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TIGG MRA
IMPREGNATED VAPOR PHASE
ACTIVATED CARBON

DESCRIPTION

TIGG MRA 15 a high activity coal based activated carbon which 1s impregnated

with sulfur. The extensive surface area permits optimum distribution of the impregnated
reagent, for maximum reaction rate and full stoichiometric utilization. The finished
product retains sufficient unimpregnated surface area to function as an effective
adsorbent, i addition to its primary chemisorption role, thus allowing reduction of a
wide variety of organic contaminants.

TYPICAL PROPERTIES
US. Sieve, 90 wi% mun 4x 10%
Apparent Density, (dense packing)
glce 0.50—0.57
lbs/f° 32-36
Moisture — % max (as packed) 3
CCly, wt%. min (base carbon) 60
Mercury capacity, wt % 65
Impregnant (sulfur as S,), wt % mum,
virgin carbon basis 13

* Also available as 4 nun peliets when a lower pressure drop is reguired.

TYPICAL APPLICATIONS

TIGG MRA 15 recommended for applications where mercury is to be removed
from natural gas, air, hydrogen or other gas streams. TIGG MRA performs well
in high humidify streams and at elevated temperatures.

Standard packaging is m 1000 1b supersaks. Metal droms, fiber drues and 50 1 bags, are available fora

premaun. o
860 Old Pond Road
- Suite 706
et ﬁ»t GG Bridgevilie, PA 15017
ﬁ B00.925.001
) 412.257-9580 phone
412257 8570 fax

www ligg.com
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FM34- 500 CFM HEPA FILTRATION UNIT (SP-505A)
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Code: FM34

Shipping weight: 180 pounds

FM34 500 CFM HEPA filtration unit 99.97% efficiency @ 0.3 micron

The SP-505A HEPA filtration unit has the highest flowrate and static pressure rating
available for a unit of its size and weight. Delivering over 515 CFM flow at 1" of static
pressure, the SP-505A outperforms anything in if's category and sets the standard for high
quality air cleaning equipment in a small, highly mobile package. the handiruck configuration
allows operation in either a horizontal or vertical position and facilitates moving and locating
the unit close to the work site thereby eliminating the necessity for long lengths of flex duct.

A high flow portable, filter/blower unit providing high efficiency particulate air fittration with the
following attributes:

1. Integral stainless steel frame, blower mount and filter retainer assembly capable of operating
in either a horizontal or vertical position.

2. Motor, 3/4 horsepower 3450 rpm, 115 vac, single phase, 9.6 amp.

3. Blower, direct drive, non-overloading, with back curved blades and aluminum housing and
wheel, Rated at 515 CFMat 1" sp.g. and 210 at 6" sp.g.

4. Manual starter switch with thermal overload mounted in a NEMA 1 enclosure and equipped
with 15" service cord.

5. HEPA filter, metal framed, 14" x 14" x 17" long with integral inlet plenum and inlet
connector for 6" Dia. flex duct. Filter rated at 300 CFM @ 1" sp.wg. and 99.97 efficient for
0.3 micron particles; DOP test at 100% and 20% of rated flow.,

8. Prefilter, 2" thick x 12.5" x 12.5" multi-density polyester.

7. Magnehelic gauge, 0-10" water gauge, minihelic type.

8. Dimensions: 38" long x 19" high x 19" wide.

9. Weight: approx. 80 lbs.

Options:

e Slide gate flow control on blower discharge, P/N AM-08

e  Loss of flow alarm, P/N GT07

s Customn inlet/outlet sizes available, call for details

Spare parts:

e HEPA filter AK-36

e Prefilter AK-37

e  Minihelic gauge AR-13

e  Motor/blower AL-19

e  Starter switch AV-31

®  Wheel HB-08

e Inlet adapter, 6" to 8” CR-04
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FORCED AIR HEATING PRODUCTS
NON-HEAT PUMP/SPIN FINNED ELEMENTS

EFFECTIVE
PRICE SHEET - LIST® APRIL 1, 2004

ELECTRIC PLENUM HEATER

ELECTRO-MATE™ - PATENTED & REGISTERED
THE OLDEST & ONLY U5 MANUFACTURED TRUE PLENUMHEATER

Pramary application, gasfoil furnace with electric Dual Heat'Load Management, 4°C optional

Upflow-18" Cpflow- 137

EM-LV25-KIT A $275 SEW add-on kit to EM-LV20218 5 KW
ERE-LV20213 EM-IVHI2LS anh 2 Big, 10kW each 20 KW
EM-LV5278 EM-LVIS275 305 2 Sig, 7.5kW each 15 KW
EM-LVI0118 EM-IVILS 73p 1 S1g, 10EW 10 W
Downiflow - 18” Downflow - §57

ERL-LIVIO2E8 EM-LD20215 F1040 2 8ig, HIEW each 20 BW
EM-LINI5278 EMLDS275 935 2 Big, 7.5KW each 15 KW
EM-LD10118 EM-LDIOLLS 760 1 St 10KW 10 kW

CUSTOM DUCT HEATERS WITH DFC OPTION
Typical application, nogn-plemim combining KW in different trunk fines

TH-31 380 Controller, any combination up fo 3 heaters

Alse applies o EM-WC and EM-DI
EM-HI0118 %353 187w x 37h. tays fiat for airflow - element 1874 0 EW
EM-T10114 355 1170 x 457w, nulai-directional - slement 1874 FE N 4

Cither ¥W sizes and shapes svailable.

WARMFLO™ CONTROLLED
ELECTRIC PLENUM HEATER
DUAL HEAT/AIR CONDITIONING APPLICATION

WarmFlo II electric comversion package - apphes to gasfoiliwood temperature sensor comtrolled

Yolow - 187 Epflow - 157

EM-WU30-EIT WA 5 265 WarmFlo 5kW add-on kit to 25EW 5 kKW
ER-WLIES45R A 12 WarmFlo staging IEORW
EM-WUHHAR EM-WUI45S 3G WarmFlo staging 2 kW
EM-WU15358 EM-WU15355 30 WarmiFlo staging IS5 KW
ERM-WUL258 EMRLWIII0255 £20 WarniFlo staging EL <
Downflow - 187 Downflew - 157

EM-WD20458 ERL-WD20455 S1060 WarmFlo stagping E IR
EM-WD15358 EM-WD15353 D60 WarmFlo staging 15 KW
EM-WDI10258 EM-WDI0I55 850 WarmEFlo staging W kW

FProduct spplivcation rode needed for WaraFle 1 haster fpart AUTCEIES) - plense spenif “EMAT Bialin sy oudlet moperaiue
ERIWC 07 wedey, WernPle curve

Controller Interface
WFE-EM3 %138 WarmFlo controller - non-HP for WarmFlo models
WARMFLO NZELECTRO-MATE {Spin finned elements) - Three Phase, 208V
LUpfow - 187 Upfiow - 157
EM-WLIZ2478 NiA $1380 WarmnFlo/Electro-hMate 208 3 -phase 217 KW
EM-WUT4358 NiA 1168 WasmFlo/Electro-hate 208V 3-phase 44 KW

632954138 « BOOBRZ 4138 » fan 763, 295.4433
sales@elactromn.oom « www.elsctromn.com

m ELECTRO INDUSTRIES, INC.
2150 West River Strest. PO Box 538, Monticelio, MN 55362
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EM-DIH35H
EM-DI1535H
EM-DII025H

EM-DE3SL
EM-DIIS35L
EM-DEIOZSL

EME-DEXNSSC
EM-DEIS3SC
EM-DELO25C

EM-WXOHIR
EM-WXO212R
EM-WHOSISR
EM-WXII25R
EM-WCO0313H
EM-WCOS15H
EM-WCOSISL
EM-WCI025H
EM-WCI025L
EM-WHKELIS35L
EM-WMI03SL
ER-WAML134H
EM-WMIS36L

HDI0E hos details,

DUCT HEATERS

Electra-Duct - Basic Electric Element Package

$480
305
283

333
415
295

555
476
350

$310
345
370
440
318
350
360
400
413
380
615
435
G685

ACCESSORIES
HP$739 §315
SOT-EM-60 95
EM-5716 85
EM-5717 76
EM3713 48
EM-5750 48
EM-5751 50

ENGINEERING DESIGN FILE

Typical apphication 1s zronnd sonrce heat pump or sbove any atr handler, top blower

Insert $"wx 1074, 2 Sig @ 4.8kW, 1 Sig @ 9.65W
Insert 8w x 1074, % Sig @ 4 8kW
Tnsert §wx 1074, 2 512 @ 4 B6W

Tnsert $°w x 1674, 2 Stz @ 4.85W, 1 Sig @ 0.6KW
Inmert 87w x 1674, 3 Stg (@ 4.85W
Insert 87w x 167d, 2 Stg @ 4.85W

Plepum 16w s 167, 2 Stg @ 4.85W, 1 51z @ 0. 66W
Plenum 16 wx 1674, 3 Stz @ 4 86W
Plenum 16" wx 1674, 2 S1g @ 4 86W

MAKE-UP AIR/HEAT EXCHANGER/BOOST HEATERS

Single Sensor - Controls Duct Temperature - Element Modulation

Typical apphcation s required - heat pump, ERV/HBY defrost, cold air, etc.

Complete 67 pipe section, 1200, 150 CFM
Corplete 8 pipe sectfon, 240V, 250 CFM
Complete 87 pipe section, 240V, 350 CFM
Complete 107 pipe section, 240% 700 CFM
Ensert 87w x 167d element, 240%

Fosert 8w x 1070 element, 240V

Ingen 8w x 1670 element, 2400

Ensert 87w x 10 d element, 240V

Tosest 87w x 1670 elegment, 240V

Fnsert 87w x 167 d element, 240V, single phose
Fusert 87w x 167d element, 290V, single phase
Insert 8w x 107d element, 208V, three phase
Tnvert §7wex 167d element, 208V, three phase

1832
144

182
144

b
g2

06

kW
W
KW

EW
it
W

kW

kW

KW
KW
W
W
KW
W
KW
kW
kW
KW
KW
W
ety

Conversion of Electro-Mate (DFC type) to interface with heat pump,

efectric beat, and gas furnace

Stat override tiner, switches 1o standby in 20-60 minmtes
Single feed for 2 CB - 2 sig GE breakers

Single feed for 3CH - 3 stg GE breakers

Linuit probe low 1007, 47

Deflector Kit &4 18"-205°V

Deflector Kit B 21"-225"V

REPLACEMENT PARTS LIST
Reguest docoment XLOGS

Nutes:

1. This cheat repossass saly o smmipling of Susle nadels. Uoll B piedig onowbir sires. nopes. o0 confipueations.
2. Base sed gty dlscocms can apply, chedk your assigned dnmant,
X, Frioe sod gpeciBcation sobient w Chanps withont motive,

4 RO.B,
i

o, BEH dock, dop s pesmdey, odhar frelghe and shipping sremgesany cun be wade.
' produnts have o Swo-vesr pants werssoly fem dnte of arigheal instelintion.
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Omtlet temperatore default code I, 127 steps, 407 to 124°  If mmaller range is desired, specify other temperatue codes.  Domament

ELO50
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Packaged Units - Non-Blower

WarmFlo
Congors Module

B s

EXTERMAL
COMTACT

p oo

E 10

EM-WXOLHR - 1000-watt, 120V plug-in
130 CFM rating, 6 vound durt sechion

EMCWXO212R - 2 500-wat, 240V
230 CFME rating, 87 round dust sectivn
EM-WXOS15R - 5.000-wat, 240V
FH3 CFBE ating, 8 round doet section

EM-WXI023R - 10 000-wan, 240V
T00 CFM yating, 107 roned duct vection

Standard Installation

Adr Make-up
Heater WarmFio Comfort

Control Sensor

Insulated

Connector )
patorized

Damper insulated

Connector

Wiarm Alr
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Insert Element Rack

EM-WOO313H - 2 880-wat, 240V
300 CFM rating, 87 % 107d element rack

EM-WCODS15H - 4,800-watt, 240V
400 CFS rating, 87 x 107 element vack

EM-WHI1535L - 15,000-wan, 240V
1100 CPFM wating, B x 1674 element sk

EM-WM2035L - 20, 000-wat, 240V
1300 CEW sating, B x 1679 elesent rack

Electrical Source Power:
» See pameplate for voltage ratimg, amyp draw, and
AN Watls
o 120V smgle-phase, 240V sinple-phase, or 208V
three-phase - depending upon model and size
= 120V model has 8 plug-in cord

= Al other models, terounal block connections (popper
wire ooy}

« Units above 10 kKW mclude internal fusing

Packaged Units - Self-Contained, Blower
Contact Factory - Request Document #0155

by DY

BENSOR

EM-WOGS15L - 4.800-wate, 240V
400 CFM rabing, §° x 1674 slement rack
EM-WCT025L - 9.600-wats, 240V
B0 CF rating, 87 x 1674 element rack

DUCY
SENIOR

EM-WRSISL

WarmFlo
Comfors Baduly

B

EXTERMAL
COMTACT

BEGOTSEHGORDAME

EN-WH1134H - 10,800-watt, 208V 3-phase
BO0 CPM wating, ¥ = 1074 dlement sk
EM-WMI1336L - 15.000-watt, 208V 3-phase
1100 CFM mating, 87 % 1674 element vack

24-volt control:
» External 24-volt source 15 required for operstion
* Turn-on {on/off famction) accomplished with the
presepcs of 24-volt somee
« Svstemn or exterpal contact closure provides 24 volts
fo- this unit
» Presswe differential switch
* Inlet dumper end swineh
= Relay counected fo blower motor, contact closure
» Exhoust motor curvent switch contact
* Thermostat, blower function “(G" {parallel connection]

* Temperature sensing thenmostat (oust also operate
Tlwer)
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CFM Chart
Temperature Rise Needed 80 70 60 50 40 30

Model Number Watts* CFM CEM CFM CFM  CFM CFM

EM-WXO111IR 1000 40 45 53 63 79 105

EM-WXGS15R 5000 197 225 262 319 393 525

EM-WXI1025R 10000 393 45¢ 525 630 787 1050

EM-WHOS15] 5000 175 222 260 ile 388 520

EM-WHI025K 10000 363 420 490 590 718 980

EM-WCO313H 2880 114 130 152 182 228 303

EM-WCD515H 480G 189 218 252 302 378 504

EM-WCO515L 4800 189 216 252 302 378 504

EM-WCI025L 5600 378 432 504 604 756 1067

EM-WHI535L 14400 567 548 156 807 1133 1511

EM-WMZ2035L 19200 156 863 1007 1209 1581 2015

EM-WHMI1134H 10800 425 486 567 680 850 1133

EM-WHMIS36L 15000 593 &77 790 948 1185 15380

* At mamimumm capacity, duct sensor reduces watts as required.

Efficient - 100%, Pius Duct Sensor Moduilates Elements

HOW TO ORDER

Select model number AND state temperature selection code,

Warm Air Temperature Selection

The wut meludes an §-position dial switch to set the desired N .
. ; L Code E 68 w96

outlet sensor femperature. In order to give this 8-position N )
Code H 88 w102

dial switeh proper definition and accuracy, when ordening

select the temperature range which meels your application. “Code C” 30 0 02

“Code B” 96 o 124
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